tection of carotid occlusive disease by ultrasonic imaging and pulsed Doppler spectrum analysis," Surgery, voL 86, pp. [698] [699] [700] [701] [702] [703] [704] [705] [706] 1979 . -21, pp. 183-192, 1974. 1977. spectral broadening in ultrasonic Doppler systems," IEEE Trans. Biomed. Eng., voL BhlE-24, pp. 478-480,1977 Abstract-The application of the finite-element method to the problem of wave propagation in acoustic waveguides with planes of symmetry is discussed. In particular the discussion is how t o use the symmetric and antisymetric conditions on a plane of symmetry whose normal direction is not coincident with the direction of a coordinate axis. the symmetric condition is used on a plane with normal unit vector n (see Fig. l ), the particle displacement component parallel to n and the two stress components normal to n are zero on the plane. When the antisymmetric condition is used o n a plane with normal unit vector n, the two particle displacement components normal to n and the stress component parallel to n are zero on the plane. Application of these conditions reduces the number of elements, and therefore it is possible to use computer memory more economically. In earlier finiteelement analyses [ l ] -[ 6 ] , however, only the plane of symmetry whose normal direction is coincident with the direction of a coordinate axis is considered. In this report, we indicate how to use the symmetric and antisymmetric conditions on a 0018-9537/83/1100-0370$01.00 0 1983 IEEE plane of symmetry whose normal direction is not coincident with the direction of a coordinate axis.
DEVELOPMENT O F EQUATIONS
The coordinate system employed is shown in Fig. 1 , where z is taken in the direction of propagation and the unit vector n normal to the plane of symmetry I' lies at an angle 0 from the x axis in the xy plane. Using the finite-element method for only the region !2, we obtain where the components of the {ui} vector are the values of the particle displacement u i at all nodal points in C2 except F, 
RESULTS
First, let us consider an isotropic square rod with four planes of symmetry x = 0,y = 0, a n d x = ky, as in Fig. 2 . We subdivide one quarter or one eighth of the cross section into second-order triangular elements as shown in Fig. 3 . Table I gives and S(') modes satisfy the symmetric conditions on x = 0 and y = 0. The fields of the T and S(') modes satisfy the antisymmetric conditions on x = 0 a n d y = 0. The fields of the L and S(*) modes satisfy the symmetric conditions on x = ky. The fields of the T and S(') modes satisfy the antisymmetric conditions on x = * y . In Table I the results of the variational method [ 7 ] , the collocation method [8] , and the modematching method [9] are also presented. The results of Figs. 3(b) and (d) are identical to those of Figs. 3(a) and (c), respectively. This fact proves the validity of (3) and (5).
Next, let us consider anisotropic square rods with four planes ofsymmetryx = 0 , y = 0, a n d x = *y. We subdivide one eighth of the cross section into second-order triangular elements as in Fig. 3(d) .
The normalized phase velocities for the fundamental branches of the L , S ( ' ) , T, and S ( ' ) modes are presented in Tables 11,   111 , and IV for tetragonal (NiS04), hexagonal (zinc), and cubic (copper) materials [lo] , respectively. For NiS04 and copper the L 1 and SI (') branches intersect. The results that Nigro [lo] has identified with the first two branches of the L mode 
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